(19) 



J 



(12) 



Europdisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(45) Date of publication and mention 
of the grant of the patent: 
14.04.1999 Bulletin 1999/15 

(21) Application number: 94929964.8 

(22) Date of filing: 29.09.1 994 



(11) EP 0 722 363 B1 

EUROPEAN PATENT SPECIFICATION 

(51) IntCiA B01L 11/00 



(86) International application number: 
PCT/US94ni090 

(87) International publication number: 

WO 95/10035 (13.04.1995 Gazette 1995/16) 



(54) AUTOMATED STAINING APPARATUS AND METHOD 

AUTOMATISCHES EINFARBUNGSVERFAHREN UNO - VORRICHTUNG 

PROCEDE ET APPAREiL AUTOMATIQUES DE COLORATION DES Pi-AQUETTES DE 
MICROSCOPE 



(84) Designated Contracting States: 

AT BE OH DE OK ES FR GB GR IE IT U LU MC NL 
PTSE 

(30) Priority: 29.09.1993 US 129243 

(43) Date of publication of application: 
24.07.1996 Bulletin 1996/30 

(73) Proprietor: 

BIOGENEX LABORATORIES 
San Ramon California 94583 (US) 

(72) Inventors: 

• TSEUNG, Ken 
Fremont, CA 94538 (US) 

• WONG, Wai, Bun 
Fremont, CA 94556 (US) 

- JONES, Christopher, Michael 
Walnut Creek, CA 94596 (US) 



m 

CO 
CO 
CO 

CM 
CM 

o 

LU 



• KALRA, Krishan, L. 
Danville, CA 94506 (US) 

(74) Representative: 

Baldock, Sharon Claire et al 
BOULT WADE TENNANT, 
27 Fumival Street 
London EC4A1PQ(GB) 



(56) 



References cited: 
EP-A- 0 255 057 
WO-A-92/01919 
DE-A-3805808 
US-A-4042 999 
US-A-4 305722 
US-A-5 009 185 
US-A- 5 231 029 



EP-A- 0 321 889 
WO-A-93/03451 
US-A- 4 030 341 
US-A- 4 224 277 
US-A- 4 308 822 
US-A- 5 225 325 



HSHER SCIENTIFIC CATALOG, published 1988, 
pages 168-169, see "Flame Spreaders" and 
"Burner Wing Top for Glass Bending". 



Note: Within nine months from the publication of tiie mention of tiie grant of the European patent, any person may give 
notice to tiie European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

Prtmed by Xerox (UK) Business Servkas 
2.16.7/3.6 



1 EP0722363B1 2 



Description 

[0001 ] Miaosoopic examination of unstained cell and 
tissue preparations often suffers from a lack of contrast 
between individual cells and the background matrix or s 
between Individual parts of cells. In order to alleviate 
this difficulty, dyes (stains) that are taken up differen- 
tially by cells or parts of cells have been used in micro- 
scopic examination of tissues for over a century. 
[0002] Because of the manner in which slides with tis- 
sue preparations are prepared (see Ellas, J., "Immuno- 
hlstopathology: A practical Approach to Diagnosis" 
ASCO Press. 1990, pp. 3-4. for examples of such prep- 
aration), the size and/or location of a tissue sample on a 
microscope slide can vary consideral)ly within a rela- 
tively targe area of the slide. In order to apply a stain to 
the connect location on a slide and to provide rinsing and 
other manipulation steps at appropriate times and in 
right amounts, until recentiy all such staining operations 
were cam'ed out by hand. It is apparent, however, that 
modem laboratories that examine large nun^ers of tis- 
sue preparations find it desirable to automate the stain- 
ing process. Accordingly, a number of manufecturers 
have developed equipment for automated staining of tis- 
sue preparations on microscope slides. 
[0003] For example, U.S. Patent No 4.985,206 
describes an apparatus and process for automating the 
application of staining reagents to a thin tissue section 
mounted on a microscope slide. The apparatus and 
method use a channel-defining element tiiat is assem- 
bled with tiie microscope slide to provide an enclosure 
of capillary dimensions Into which liquids can be 
injected. Liquids are added sequentially to tiie capillary 
space, where tiie addition of a new liquid forces out the 
previous liquid. A plurality of these assemt)lies of micro- 
scope slides and specialized covers can be placed in a 
rack on an apparatus for automated addition of liquids. 
[0004] A further automated immune staining appara- 
tus referred to as the Ventana 320™ is produced by Ven- 
tana Medical Systems, Inc. of Tucson, Arizona. This 
apparatus applies a liquid known as Liquid Coversllp™ 
to each slide prior to reagent addition. Liquid Cover- 
slip™ is a non-aqueous material having a density less 
than that of water. When a reagent dissolved in water is 
added to a microscope slide, tiie reagent sinks to the 
bottom of tiie Liquid Coverslip™ for spreading across 
the surface of the slide. Slides are organized on a car- 
ousel which rotates beneath a dispensing head for 
application of reagents or wash fluids. 
[0005] Leica produces an automated staining appara- 
tus known as the Jung Histostaln©- Ig™. This is another 
carousel-type device, but reagents are applied by a 
spraying operation ratiier than by dropping liquid onto 
an organic film. TTie apparatus contains a permanent 
reagent spraying head tfiat can be moved along a single 
axis to provide spray coverage over a microscope slide 
located on tiie rotating tray when the sIkJe Is rotated Into 
a position underneath the head. Excess reagent is 



removed by a permanent clearing nozzle which blows 
air in a pressure front across tiie slide, forcing excess 
liquid off at tiie completion of the reagent incubation 
step. 

[0006] All of these apparatises have attempted to 
solve certain conflicting goals in automated appara- 
tuses of this type. For example, it is desirable to use a 
minimum of expensive or toxic reagents, particularly 
reagents used in immune staining (e.g., antibodies and 
otiier reagents of biological origin), while Insuring that 
complete coverage of the microscope slide by the rea- 
gent will occur. However, tiie last-referenced spraying 
operation above uses an excess of reagent which must 
be removed in order to obtain satisfactory coverage. 
TTte otiier techniques require additional manipulative 
steps, such as the use of a hand-assembled cover or an 
additional liquid reagent to provide for proper spreading 
of the reagent It would be desirable to have an auto- 
mated apparatus that can use regular microscope 
slides without additional manipulation and that does not 
require the use of elttier excess reagent or the use of an 
organic liquid with additional manipulation and disposal 
steps. Accordingly, further developments that alk)w indi- 
vidual slides to be treated differentiy In a single batch 
operation and that provide an automated procedure that 
uses reagents efficiently remain needed. 
[0007] These objects have been attained by provkjing 
an automated staining apparatus, generally comprising 
a supporting framework; an ami moveable in tiiree 
dimensions attached to tiie framework; means for mov- 
ing the arm; a hollow tip head located on the arm; 
means for alternatively supplying positive or negative 
gas pressure to tiie hollow tip head; a removable 
wash/blow tip having an exit slit substantially equal in 
lengtii to the width of a microscope slide, the wash/blow 
tip being ^apted to be removably attached to tiie hol- 
low tip head by a preselected movement of the arm; a 
wash/blow tip holder at a first fixed location on the 
framework; a reagent application tip holder at a second 
fixed location on tiie framework for holding a reagent 
application tip, the reagent application tip being adapted 
to be removably attached to the hollow tip head by a 
preselected movement of the arm; a reagent container 
holder at a tiiird fixed location on the framework; a 
microscope slide holder at a fourth fixed location on the 
framework, the microscope slide holder being adapted 
to removably contain the microscope slide; and control 
means for controlling movement of the arm between tiie 
locations, whereby tfie tip head picks up the wash/blow 
tip or the reagent application tip in response to move- 
ment of tiie arm under control of the control means and 
moves to one or more of the locations to pick up a rea- 
gent In the reagent container or dispense the reagent on 
the slide or to dispense a gas or liquid ttirough the 
wash/blow tip over the siKle. 

[0008] The invention also provides various subcompo- 
nents of the apparatus tiiat are specifically adapted to 
ttie staining of tissue on slides with this apparatus. A key 
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component is a wash/blow head which conprises a hol- 
low body member formed of at least two detachable 
parts having an internal cavity which is accessible when 
said parts are detached; a linear exit slit providing fluid 
communication between the internal cavity and the 5 
external environment surrounding the tip. the linear exit 
slit being substantially identical in length to the width of 
a microscope slide with which the tip is to be used; and 
means for removably attaching the hollow body member 
to a hollow tip head in the apparatus of the invention and 
providing access to the internal cavity for gas or liquid 
supplied through the tip head. 
[0009] In addition, the apparatus canries out a tech- 
nique for applying stain to tissue preparations on 
unknown (to an instrument) locations on individual 
slides tiiat is not specific to tiie apparatus of the inven- 
tion but which can be adapted to other automated 
equipment or to hand operations. This mettiod com- 
prises applying a thin film of water to a horizontal upper 
surface of a microscope slide and applying a water sol- 
uble staining reagent to the film of water In a pattern 
insufficient to fully cover the slide when ttie slide is dry. 
whereby the reagent diffuses through the film to reach 
substantially all of the surface on which a tissue may 
reside while using only a minimum volume of reagent. 
[001 0] The apparatus will now be described along with 
its operation, after which the apparatus and various 
component parts will be described in detail with refer- 
ence to tiie figures that form part of tills specification. 
[0011] The apparatus of the invention comprises a 
supporting framework to which an arm movable in three 
dimensions is attached. Motors or ottier means for mov- 
ing the arm are provided under the control of a compu- 
ter or other electronic control device that allows 
programming of movement of the arm between various 
work locations on or within the framework. A hollow tip 
head is located on tiie arm so tiiat liquids or air can be 
dispensed or withdrawn through the tip head to provide 
for tiie various work operations described below. In pre- 
ferred embodiments of the invention a single, hollow tip 
head is provided to which individual tips having different 
functions will be attached. In a most preferred embodi- 
ment, tiie tip bead is adapted to pick up disposable plas- 
tic pipette tips from the standard containers in which 
such tips are supplied (for example. Catalog No. 3510- 
R from E&K Scientific Products. Saratoga, California). 
These disposable pipet tips are cun-ently sold in a con- 
tainer which presents the base of the tip for insertion of 
a hand-held pipette by a pressing motion of the end of 
the pipette body into tiie hollow tip, the tips being 
arranged in an array so tiiat all individual tips in the con- 
tainer are accessible to the operator. As will be apparent 
from the description below, tiie same standard box of 
pipet tips can be used in the apparatus of tiie present 
invention. 

[001 2] A key element of the apparatus of tiie invention 
is a removable wash/blow tip having an exit slit that is 
i^uaily equal or substantially equal in lengtti to the 



widtii of a microscope slide, tf tiie slit is not equal to tiie 
widtii of a microscope slide with which it is intended to 
be used, it is prefenred that the slit be slightiy wider than 
ttie microscope slide. A narrower slit is less efficient in 
removing liquid from tiie microscope slide surface as 
described below. However, the practical width of a slit is 
limited by the desire to have a number of microscope 
slides closely arranged together in the apparatus of the 
invention and furttier to avoid wasting buffer or other 
wash solutions tiiat are applied to a slide tiirough tiie tip. 
In the blowing operation that removes excess 
wash/buffer solution, the exit slit on the washyt)iow tip 
provides a "walP of air that pushes excess liquid from 
ttie surface of a microscope slide as the tip is passed 
over and parallel to a microscope slide (described later 
in detail). This wash/blow tip is adapted to be removably 
attached to the same hollow tip head to which the dis- 
posable pipet tips are attached. Both of these attach- 
ment (and optionally detachment) operations can be 
carried out by a preselected movement of ttie arm, 
much in a same manner that disposable pipet tips are 
now pressed onto and later removed from tiie end of a 
hand-operated pipet. 

[0013] The framework of tiie apparatus is provided 
with holders at fixed locations on the framework for botii 
tiie wash/blow tip and the reagent tips, among otiier 
removable items. Thus, programming of the arm to 
move to a particular fixed location and carry out a prese- 
lected motion or otiier operation discussed herein 
allows the Individual tips to be placed onto or released 
from the hollow tip head. A holder for a reagent con- 
tainer (ttie reagent container being for stain or various 
solutions associated with staining) and a microscope 
slide holder are also present on a framework at other 
fixed locations. Thus, standardized motions of the arm 
can be programmed into the control unit so that individ- 
ual microscope slides at specific fixed locations in ttie 
microscope slide holder can be treated witti reagents 
and/or wash fluids obtained from reagent containers or 
from liquids supplied tiirough ttie hollow tip head on ttie 
nwvable arm. 

[0014] In a typical operation of the apparatus of tiie 
invention, multiple slides, each generally having a tissue 
sample at some location on its upper surface, are 
placed horizontally in a tray tiiat is inserted into the 
apparatus at a fixed location, usually at a location hav- 
ing registi-ation pins tiiat fit into registration holes in ttie 
tray (or similar registratton means) so that the individual 
microscope slides are always located in the same rela- 
tive positions on the frame of tiie apparatus. The appa- 
ratus is programmed as appropriate for the individual 
slides being treated and reagents, and reagent contain- 
ers are placed at tiieir own predetermined locations in 
ttie apparatus in the same manner as the tray described 
above. Likewise, reagent application tips are also made 
available for pickup by ttie moveable arm. For example, 
a standard box of 1-ml pipet tips can be placed at its 
pre-designated location in ttie apparatus. 
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[001 5] Once all components are in place, the appara- 
tus carries out all reagent application, incut>ation. heat- 
ing (rf necessary or appropriate), and sample rinsing 
steps to perform the desired staining operation. In a typ- 
ical operating sequence, the movable arm picks up a 
detachable washA)low tip having a slit exit, and a buffer 
solution Is applied to each of the sanple slides being 
treated In a particular cyde by a liquid supply line and 
wash buffer reservoir attached via the supply line to the 
hollow tip head. The apparatus ttien uses the same 
wash/blow tip to blow excess buffer off ttie slide prior to 
reagent delivery This is accomplished by blowing air 
through the tip while the he^ ti'avels down the length of 
the slide; a "wair of air exits tiie slit and removes excess 
buffer from the slide witiiout disrupting the tissue sam- 
ple. A small amount of buffer Is left on the slide to assist 
in reagent spreading. The wash/blow tip is then 
returned to its holder by the automated arm. 
[0016] The arm then picks up a disposable pipet tip 
from tiie pipet tip box tiiat has been inserted into the 
reagent application tip holder In the apparatus. The arm 
with the pipet tip attached picks up a reagent to be 
applied to a slide or to a group of slides from a reagent 
vial. A number of slides can be treated with reagent at 
the same time. TTie reagent is dispensed on ttie slide in 
a pre-asslgned pattern that works in combination with 
the thin liquid film on the microscope slide to assure 
spreading of the reagent over the entire surface of the 
slide to which the tissue may be attached. The thin liq- 
uid film allows less reagent to be used than would be 
required if tiie film were not present to assist reagent 
spreading. 

[001 7] The disposable pipet tip is then discarded, and 
the movable arm picks up the wash/blow tip for adding 
buffer to and then blowing excess buffer off the next 
group of slides to be processed while the first group of 
slides are being incubated with tiie reagent, after which 
the wash/blow tip is returned to its holder. The arm tiien 
picks up the next available disposable tip from the tip 
box, and reagent is drawn into the tip and applied as 
before. Appropriate steps are repeated until all slides 
have been treated with reagent or until a reagent incu- 
bation is complete so tiiat reagents must be removed 
from appropriate slides. 

[0018] Once a reagent incubation is complete, sikles 
are rinsed when the movable arm picks up the 
wash/blow tip again and buffer is applied to the slide to 
rinse off the majority of the reagent. The wash/blow 
head then blows the excess buffer from the slide, and 
the slide is rinsed a second time with the on-line buffer, 
if necessary This procedure of rinsing and drying a 
slide is repeated as necessary depending upon the indi- 
vidual stain and the appropriate procedure for rinsing 
the reagent. The control mechanism, generally a pro- 
grammable computer, keeps track of the time of the var- 
ious incubation and repeats the steps above as 
appropriate In order to apply reagent to all of the slides 
that have been inserted into the tray. 



[(M)1 9] A special feature of tiie apparatus of tiie inven- 
tion that allows efficient use of reagents is the method of 
spreading reagents described above and further 
described in detail below. When a standard aqueous 

5 staining reagent is dropped onto a glass slide, the rea- 
gent tends to stay in the location where dropped rather 
than spreading over the entire surface area of the slide. 
Since tiie location of the tissue preparation on a slide is 
variable and may not be located in the same place from 

70 one slide to ttie next, automated procedures previously 
had to apply the reagent over the entire area of the 
sikje. While this could be accomplished by applying a 
relatively large amount of a dilute reagent, not all stain- 
ing operations allow the use of dilute reagents, and 

IS some stains are sufficientiy expensive so that applying 
concenfated reagent over the entire slide, including 
areas where no tissue is present, would be a major cost 
of operation. Accordingly, a special application system 
has been devised for use in the apparatus of the present 

20 invention; this system can be used generally in the man- 
ner desalbed here for other automated equipment. 
[0020] The slide to which stain will be added is first 
washed witii an aqueous wash solution, usually a buffer, 
that contains one or more surfactants which reduce tiie 

25 surface tension of water. Howei^er, It is not satisfactory 
merely to flood a slide witii an aqueous solution of sur- 
factant, since a concentrated reagent added to the siKle 
will merely be diluted on the slide. Accordingly, tiie 
washA)low tip of the invention is designed so that 

30 excess buffer can be blown off the washed slides to pro- 
duce a thin film of tiie aqueous solution. The height of 
tiie wash/blow tip slit exit above the microscope slide, 
the pressure of the compressed air being blown tiirough 
tiie tip, and the rate of movement of the tip are selected 

35 to leave a confolled amount of buffer on the slide. If too 
much buffer Is left, tiie reagents will be diluted as dis- 
cussed above and will not work con^ectiy If too little 
buffer is left, the buffer will evaporate prior to reagent 
application, and the reagents will not spread. Specific 

40 techniques for confrolling the wash/blow tip to select ttie 
amount of buffer are described below. 
[0021] In addition to tiie buffer and use of tiie 
wash/blow tip as described above, the method of ttie 
invention also provides dispensing of reagents on ttie 

45 slide in a pattem tiiat assists spreading. A pattern is 
selected so that reagent is not required to diffuse for 
great distances through ttie surface film; for example, 
convoluted application pattern can be selected so that 
reagent need not diffuse more than one-fourth (or some 

50 other fraction) of ttie wkJth of the miaoscope slide. The 
combination of the buffer film and the application pat- 
tern (usually dropwise or in a stream) ensures adequate 
coverage of ttie slide regardless of ttie location of ttie 
tissue and allows less reagent to be used ttian would be 

55 required in the absence of a surface film. In a typical 
operation, ttie amount of reagent added is less tiian ttiat 
which would be required to cover the slide if no aqueous 
film were present on the slida 
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[0022] In addition to these general operations and 
conrponents of the Invention, the apparatus of the 
invention can contain additional subsystems for conven- 
ience, such as drain pans, heating blocks, and other 
components that are described below in more detail. 
[0023] The Invention now being generally described, 
the same will be described in reference to the figures 
using the same reference numbers throughout to repre- 
sent either identical parts that appear in different views 
of the same embodiment or parts in different embodi- 
ments that have identical functions. 
[0024] Figure 1 shows a first emisodiment of the Inven- 
tion in a plan view from above. In order to make visible 
the movable arm and other working parts of the appara- 
tus, Rgure 1 is illustrated without the normal cover that 
would normally form the upper surface of the apparatus 
and act, with remaining walls to enclose the working 
parts and microscope slides, in this view, the front of 
apparatus 10 is at the bottom of the figure. 
[0025] In this view, movable arm 30 is visible in the 
upper-left (back-left when viewed horizontally) corner of 
the interior of framework 20. Framework 20 is formed 
from various components such as baseplate 22 and 
side plate 24 that form a cabinet surrounding the work- 
ing parts of apparatus 10. The various locations (and 
the corresponding parts of the apparatus or materials 
that are Inserted Into the apparatus at these locations) 
are visible on base plate 22. Movable arm 30 will carry 
out the operations of the apparatus is visible in its home 
position in the back-left corner of the apparatus (upper- 
left portion of the Figure 1). Slightiy in front of and to the 
right of the arm home position is a drain bin 26, which is 
simply a container into which pipet tips 90 (described 
later) are discarded. Drain bin 26 can be provided witii a 
drain line to a waste container and in any event is 
removat}le from its standard location for disposal of tips 
(and optional draining of collected fluid). This and other 
parts of the apparatus are adapted to be retained in a 
specific location on baseplate 22 by provkiing matching 
projections and depressions or other means for locating 
the indicated part of the apparatus on the base plate at 
a fixed location 

[0026] Immediately in front of drain bin 26 in tills first 
embodiment is tiie fixed location of a reagent applica- 
tion tip holder 100 (not visible in this view). In tiiis first 
embodiment holder 100 is adapted to retain in position 
a standard pipe pit tip box 92 containing an array of dis- 
posable pipet tips 90. An example of an appropriate 
hokJer 100 for pipet tips 90 (actually for tip box 92) is a 
raised area on baseplate 22 around which the base of 
pipet box 92 snugly fits. 

[0027] To ^e right of pipet tip box 92 is a reagent con- 
tainer holder 120, in this embodiment in tiie form of a 
reagent rack. The reagent rack 120 can either be affixed 
to the baseplate 22, or in the manner descrOsed above it 
can be adapted to be removable from the baseplate for 
loading witti reagent containers 1 10 in a more conven- 
ient location. The reagent rack is adapted be to retained 



by the baseplate in a fixed location and orientation, so 
that any given reagent container will always be in the 
same relative position on baseplate 22. 
[0028] Immediately behind reagent rack 120 is 
5 wash/blow tip 70 and its holder 80. Below holder 80 is a 
drip pan 28, which can be connected to an external 
drain or merely made removable for disposal of wash 
liquids that may drip off of tip 70 when it is present In its 
holder 80. 

10 [0029] To the right of washA3low tip holder 80 and rea- 
gent rack 120 are four 10-well microscope slide trays 
1 40. Each tray 1 40 is retained in a fixed location and ori- 
entation relative to baseplate 22 and the remainder of 
tiie frame so that each nticroscope sikie retained in a 

15 well is in a fixed location relative to tiie baseplate 22. 
Visible through tiie open bottom surfaces of the wells of 
trays 140 are heating blocks 200 and drain pan 210; 
tiiese components are descrbed in more detail in later 
figures. 

20 [0030] Movable arm 30 is moved to different locations 
over baseplate 22 by the action of various motors tiiat 
operate in combination witti sliding tracks to precisely 
position arm 30 at its desired k)cation within Frame 20 in 
order to carry out ttie operations ttiat are described 

25 here. Visible in Rgure 1 at the top of tiie figure is the X- 
axis track 32, in this embodiment the X-axis being the 
principal longer horizontal axis of the apparatus. In tiie 
embodiment shown a single X-axis track 32 is s^)- 
ported at both ends on bearing shafts and brackets 34a 

30 (the left bracket) and 34b (ttie right bracket and shaft). 
The Y-axis is the prindple shorter horizontal axis of tiie 
embodiment as shown. A step motor is used in these 
embodiments under the control of ttie computer or other 
control apparatus (described later). Part of one motor 

35 mount 33' for X-axis motor 33 is visible In this figure. 
Bearing shafts 34' and shaft supports 34' are also visi- 
ble as part of the Y-axis track. The Z-axis In ttiis embod- 
iment is the orthogonal vertical axis and is 
perpendicular to the plane of Rgure 1 . 

40 [0031] In a preferred working embodiment, flexible 
electi-onlc leads and tubing (both air and liquid supply 
lines) would be visible in this figure leading from mova- 
ble arm 30 to appropriate fluid reservoirs or electronic 
control equipment. These lines are not shown in Figure 

45 1 for the sake of darity but are described later wttii 
respect to specific parts of tiie apparatus. These supply 
lines are sufficiently long and flexible so as to allow 
ready access of movable arm 30 to any location wittiin 
ttie operating space required to carry out ttie operations 

so of the apparatus. The various supply lines are usually 
retained in the upper portion of the interior framework 
20. typically by use of an elastic supporting yoke tiiat is 
attached to tiie supply lines and to various locations on 
the framework 20. 

55 [0032] The same embodiment 10 of Figure 1 is shown 
in Rgure 2. In this front view of ttie first embodiment of 
the invention, the movat^e arm 30 is shown in four dif- 
ferent locations (i d-. Rgure 2 does not show four sepa- 
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rate movable arms but merely four locations for a single 
arm). The left-most position of arm 30 Is simply the 
home position to which the arm returns when not being 
used, which is selected for minimum interference with 
other operations, such as the insertion of microscope 
slides or disposable pipet tips into the cabinet-like inte- 
rior of framework 20. The second position of arm 30 
shown in Rgure 2 is at the location for pickup of remov- 
able wash/blow tip 70, which is retained in its wash/blow 
tip holder 80 at a fixed location on framework 20. The 
double-headed an-ow on Z-track 36 indicates that mov- 
able arm 30 is moved downward at this location so that 
hollow tip head 40 is inserted into the stem of wash/blow 
head 70. Wash/blow tip holder 80 is adopted to sur- 
round and retain washA>low tip 70 so that an upward 
motion of the arm while the tip is in its normal resting 
position will remove tip head 40 from tip 70. However, 
the from of wash/blow tip holder 80 Is open so that a for- 
ward motion of arm 30 releases tip 70 from holder 80. 
[0033] After wash/blow tip 70 is moved forward and 
released from its holder 80, movat)le arm 30 is moved 
upward so that tip 70 is above any interfering f>art of the 
apparatus, and wash/blow tip 70 Is moved to an appro- 
priate location while the tip is in the raised position as 
shown by tiie tiiird position of the movable arm with a 
double-headed horizontal arrow on Z-track 36. When 
the movable arm reaches the appropriate location 
above a pre-selected miaoscope slide, as shown in the 
fourth position of the movable arm 30, the arm is again 
lowered to position the wash/blow tip at an appropriate 
height at)ove the selected microscope slide. In a pre- 
ferred embodiment, tip 70 Is positioned at one end 
(e.g..the front end) of microscope slide 130 and a buffer 
or wash liquid supplied through liquid supply line 62 (not 
visible in this figure; see Figure 12) as tip 70 is moved in 
a single pass to the rear of microscope slide 130. If 
desired, tiie blow-dry operation can then be carried out 
on the same slide by supplying pressurized air through 
an air supply line as tip 70 is moved back to the front 
position of microscope slide 130. However, It is also 
possible and preferred in some embodiments to move 
tip 70 to a second miaoscope slide for addition of buffer 
so that buffer added to the first microscope slide can 
remain on tiie slide for a pre-selected period of time 
prior to removal. After buffer has been added to a pre- 
selected number of slides, movable arm 30 is returned 
to tiie first slide of tiie group, and the blow operation can 
commence. 

[0034] After completion of a wash cycle in the manner 
described, movable arm 30 is returned to the pickup 
position shown in the second location of the movable 
arm. and wash/blow tip 70 is removed from hollow tip 
head 40 by lowering arm 30 to the appropriate height in 
front of washA)low tip holder 80. moving wash/blow tip 
70 into holder 80, and raising arm 30 so that tip 70 is 
retained in holder 80. Movable arm 30 is tiien available 
for other operations as described below. 
[0035] Holder 80 is adapted to closely retain tip 70 In 



a single fixed position. Although this can be accom- 
plished in a variety of ways. Figures 1 and 2 illustrate an 
embodiment in which the neck of tip 70 (see Rgure 6 for 
detailed views of wash/blow tip 70) Is closely retained in 

5 a press fit segment that forms the upper portion of 
holder 80. The press fit segment closely retains the 
stem of tip 70 and prevents it from being removed In an 
upward direction but allows removal in a fonvard direc- 
tion. Thus, movable arm 30 can return to hokJer 80 and 

10 always find the stem of tq3 70 available for pick up and 
further use. 

[0036] Rgure 3 is another front view of the same 
embodiment shown in Figures 1 and 2 in which again 
the movable arm is shown in multiple locations to show 

75 positioning of the single movable arm for different rea- 
gent-application operations. Again, as In Figure 2, the 
left-most position is the home position of arm 30. The 
second position shows arm 30 moved to a location 
above a pipet tip 90 in a standard pipet tip box 92 that 

20 has been positioned onto base (reagent application tip 
holder) 100. Lowering movable arm 30 presses hollow 
tip head 40 Into a reagent application tip 90 (here a dis- 
posable pipet tip) where the pipet tip Is retained on hol- 
low tip head 40 by a press fitting in tiie same manner in 

25 which tips are now used on hand-operated repeating 
pipets. Movable arm 30 is then raised and moved to tiie 
tiiird arm position shown In Figure 3, where the pipet tip 
Is lowered into a reagent container 1 10 held in a fixed 
location by a reagent container holder 120. By supply- 

30 Ing negative pressure through the pipet tip, reagent is 
withdrawn into the disposable pipet tip 90 for application 
to appropriate microscope slides. A measured volume 
of reagent Is withdrawn by supplying negative air pres- 
sure to hollow tip 40 (i d-, withdrawing air through hollow 

35 tip 40). Although an apparatus of the invention can con- 
tain an element specifically designed with this opera- 
tion, tiie embodiment shown in Figures 1-3 uses a 
standard liquid dispensing system and the liquid located 
in the supply line to act as a piston for withdrawing spe- 

40 df ic volume of air and thus drawing up specific volumes 
of reagents into reagent tip 90. This part of the appara- 
tus is shown in more detail in Rgure 12. Reagent tip 90 
is then raised as before and moved as shown in the 
fburtii head position while raised to an appropriate loca- 

45 tion above a pre-selected microscope slide. At the pre- 
selected position, shown in the f ifth position of movable 
arm 30. the reagent tip 90 is lowered, and reagent is 
applied to the slide again using the commercial liquid 
dispensing system shewing in Rgure 12 and the liquid 

so retained in tiie supply line to act as a piston. Reagent 
can be applied to a single microscope slide 130. or aliq- 
uots of the reagent in tip 90 can be applied to different 
microscope slides. 

[0037] After the reagent Is added to the last slide, 
55 movable arm 30 Is returned to a position above drain bin 
26. and a solenoid located on movable arm 30 releases 
reagent tip 90 Into drain bin 26 for later removal. Opera- 
tion of the solenoid is described in later Rgures. 
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[0038] After removal of reagent application tip 90, hol- 
low tip head 40 is again available for further operations. 
[0039] Figure 4 is a series of three views of movable 
arm 30, In the plan view, some of arm 30 is obstructed 
by the X-axis track 32. However, a portion of arm 30 is s 
visible at the bottom of the plan view. irK;ludlng solenoid 
42 that is used for tip removal. 
[0040] The front view of Rgure 4 shows Z-track 36 and 
Z-slide 38 which trmes along track 36 under control of 
the Z-axis motor 39 which is visible in the side view of 
Rgure 4C. The side view of Rgure 4C also shows X- 
axis motor 41 , along with the X-track 32. 
[0041] Operation of tip release solenoid 42 Is most 
apparent from this side view of Rgure 4, as activation of 
the solenoid causes slide member 43 to be moved 
downward, thereby pressing a retained tip off the end of 
tip head 40. Slide 43 then returns to its normal position 
(as shown in this figure) so that another tip can be 
placed on tip head 40. 

[0042] Rgure 5 shows three views of the movable arm 
30. with the center view showing hollow tip head 40 
without having a tip present on the head. In the embod- 
iment shown, tip head 40 has three different diameters 
at different locations, namely a segment 40a that is suf- 
ficientiy large to act as a stop when press-fitting a rea- 
gent tip 90 onto tip head 40. an intermediate section 
40b that acts as tiie press-fit location for reagent appli- 
cation tip 90, and a smaller-diameter segment 40c at 
the end of tip head 40 that is sized to fit the wash/blow 
tip. Thus, as shown in the right-most view of arm 30 in 
Rgure 5, hollow tip head 40 is inserted into wash/blow 
tip 70 only as far as segment 40c. while the left-most 
view of Rgure 5 shows hollow tip head 40 being 
inserted into a disposable pipet tip 90 as far as the divid- 
ing line between segment 40a and 40b. Thus, the rea- 
gent application tip 90 is removed when solenoid 42 
moves as far down hollow tip head 40 as segment 40b. 
with the solenoid slide ring (not visible in this view) sim- 
ply pushing pipet tip 90 off the end of hollow tip head 40. 
Solenoid 42 is not used to remove washA)low head 70. 
since removing a reusable tip in this manner will not 
allow easy pickup. Instead, the reusable tip 70 is 
removed by inserting into a holder as previously 
desaibed. In preferred embodiments of the invention, 
the solenoid release mechanism described above is 
generally used for disposable tips, while a press fitting 
and specifically designed holder are used for reusable 
tips so that such tips will be retained in the proper orien- 
tation for further use. 

[0043] Rgure 6 shows a series of three detailed views 
of wash/Wow tip 70. In tiie front view of Rgure 6. solid 
lines are used to indicate exterior surfaces and dashed 
lines are used to indicate interior surfaces. 
[0044] In the sectional side view of Rgure 6A, the hol- 
low interior of tip head 70 is visible, as is the formation 
of tip head 70 from three parts. It is preferred to have the 
tip head formed from at least two parts, so that the inte- 
rior hollow space will be available for cleaning. In the 



embodiment shown in Rgure 6, three pieces are 
present: a stem 72. a head 74. and a press-fit connector 
76. Stem 72 Is specifically adapted to be releasabiy held 
by holder 80 as previously described. A raised lip 73 is 
provided at the top of stem 72 which functions in oonlbi- 
nation with head 74 to act as top and bottom stops, 
respectively, when stem 72 is pressed into holder 80 as 
described above in the description of the operation of 
tiie wash/blow tip associated witii Figure 2. 
[0045] The hollow interior of tip 70 is not limited to the 
specific shape shown, although certain advantages are 
obtained for aspects of this interior shape and slit shape 
as described below. In general, tiie hdfow interior 77 of 
the head can vary significantly in shape as long as suf- 
ficient access Is provkied for easy flow of fluid into inte- 
rior space 77 so that pressure differentials do not build 
up and cause differential exit of air or liquids through exit 
slot 79. Exit slot 79 is generally located on the bottom- 
most surface of tip 70 and is preferably a linear exit slit 
having a lengtii substantially equal to the width of a 
standard microscope slide of tiie type selected for use 
at a given time. As tiiere are different sizes of miao- 
scope slides, different washA)low tips 70 can be pre- 
pared for each such microscope slide. 
[0046] As shewn in tiie sectional skie view of Rgure 
6, access 78 between hollow interior space 77 and exit 
slit 79 is preferably provided so that air leaving slit 79 
exits at an angle to the vertical. By provkiing air exiting 
slit 79 at an angle and moving the head in a direction 
toward the obtuse angle formed between the air wall 
and tiie microscope side, removal of water or buffer 
from the slide is enhanced. 

[0047] Rgure 7 shews several typical reagent cGs- 
pensing patterns on a microscope slide. Most slides 
have a specimen area 132 and an area for writing infor- 
mation on the slide 134. Because of the nature of the 
operation of mounting specimens on slides, a tissue 
sample can be present at any location in area 132. As 
previously discussed, the thin f flm of buffer that will be 
present when staining reagent is added to the slide 
assists in ensuring that adequate reagent is added to 
the tissue sample, regardless of where tiie sample is 
located or reagent is applied. However, in a preferred 
embodiment of the apparatus and metiiod, the reagent 
Is dispensed in a pattern rather than a single location so 
tiiat a distance tiiat a reagent must diffuse through tiie 
liquki film is reduced. Several typical reagent dispensing 
patterns are shown, although other patterns are equally 
viable. 

[0048] Although many staining operations can be car- 
ried out without heating tiie sides, some staining tech- 
niques can be enhanced by providing heat so that either 
incubation or drying times are shortened, tiiereby 
increasing the speed of tiie overall operation. Numerous 
techniques exist for heating microscope slides and can 
be adapted to the present apparatus. A preferred 
embodiment involving such a heater in combination with 
a microscope sfide holder involving a renrKSvable tray for 
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multiple microscope slides is shown beginning in Figure 
8. This figure shows six views of a tray 190 intended to 
hoW ten standard Vx 3" (2.5 X 7.5 cm) microscope 
slides. Tray 190 is fbnned into a series of individual 
wells 192 for miaosoope slides: the location of a single 
microscope slide 130 is shown by a dotted line in the 
right-most well of the plan view of Rgure 8. For reasons 
that will become apparent later, the bottom of the indi- 
vidual wells is open; this opening will allow the surface 
of a heating block to directly contact the bottom of each 
microscope slide. Individual side walls 194 separate 
each well 192 from its adjacent wells to prevent acci- 
dental contact of liquid (such as might occur during a 
washing operation). The open bottom of the wells 192 
also allows buffer to drain through the bottom of tray 1 90 
where it will be disposed off, typically in a drain pan 
shown in later figures. The side walls and retaining tabs 
196 closely retain microscope slides placed into the 
individual wells. A gap 198 is present at one end of the 
well to allow easy grasping of an individual microscope 
slide between thumb and forefinger for insertion into 
and removal from tray 190. 

[0049] Removable trays 190 are designed from ease 
of operation by allowing a user to place microscope 
slides in a loading tray outside the cabinet in which 
staining operations will occur. The tray also fits precisely 
into other elements at the appropriate location on base 
plate 22. However, other embodiments are possible, 
such as embodiments in which microscope slides are 
placed directly into permanent wells located inside the 
supporting framework of the apparatus. 
[0050] An individual heating block that will be used 
with the tray is used in Figure 9. Two views are shown, 
namely a plan view (9A), and a cross-sectional view 
(9B). As seen most clearly in the cross-sectional view, 
the surface of the heating block 200 is divided into a 
number of raised areas 202 and depressions 204. 
Depressions 204 are sized to closely fit the bottom 
edges of slide carrier tray 190. When the bottom edges 
of tray 190 are placed in these depressions, raised 
areas 202 press upward into the open bottoms of the 
welts of the tray and closely contact the individual micro- 
scope slides while also acting to precisely locate tray 
190 relative to the location of heating block 200. 
[0051 ] Each of the individual heater blocks 200 shown 
in Figure 9 can be assembled Into an array of multiple 
blocks as shown in Figure 10 using mounting blocks 
206 and 207. It is then possible to individually heat each 
of the heater blocks to different temperatures, thereby 
concurrently providing different temperatures of opera- 
tion for different reagent configurations without operator 
intervention. In the embodiment shown in Rgure 1. 
each of the individual heater blocks is heated electri- 
cally for easy temperature control. 
[0052] The heater block assemblies can be mounted 
on a drain pan for ready disposal of wash fluid. Figure 
1 1 shows plan and front sectional views of the heater 
block assembly shown in Rgure 10 mounted on a drain 
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pan 205 and bearing four microscope slide trays 190. 
each of which is capable of containing 10 slides for a 
total of 40 microscope slides in a fixed array. The sides 
of the microscope slide tray 190 prevent contamination 

5 between adjacent microscope slides, and the open boH- 
tom of tray 190 and the space between individual heater 
blocks 200 allow ready draining of wash fluid from the 
individual microscope slides. 
[0053] Figure 1 2 shows three views of various conpo- 

10 nents used in the supply of air and wash liquid to head 
30. Although air can be supplied by a compressed air 
container and regulator, in the emtxxliment shown in 
Figure la compressor 170 (and surge reservoir) pro- 
vides air through flexible line 172 to movable arm 30 

IS and ultimately to hollow tip 40. An air shut-off valve 1 74 
is located in this line and is controlled by control means 
1 50 (not visible in this figure). Buffer or other wash solu- 
tion is supplied by a component that allows delivery of 
measured volumes of liquid, such as a commercially 

20 available, electrically operated automatic dispensing 
pipet. Buffer in a reservoir 182 is supplied by supply fine 
184 to dituter 180 and hence through supply line 186 to 
nwvable head 30 and ultimatefy hollow tip 40. Diluter 
180 in the embodiment shown acts as a shut-off valve. 

25 SO that no further valving is required. Additionally, tiie 
liquid present in line 186 is essentially inelastic and acts 
as a piston for withdrawing or dispensing measured vol- 
umes of air through hollow tip 40. For example, during a 
washing operation as described above, botii line 186 

30 and hollow tip 40 on movable head are filled with wash 
liquid. During the blow operation, air is released by shut- 
off valve 1 74 and blows buffer out of hollow tip 40. How- 
ever, since diluter 180 is shut-off at this time, liquid can 
not be forced back into diluter 180 through line 186 but 

35 Is retained in line 186. After the completion of a blow 
operation and pick up of a reagent dispensing tip 90 
onto hollow tip head 40, the next operation will be with- 
drawal of reagent from a reagent container into pipet tip 
90. Thus, even if the amount of liquid retained in line 

40 1 86 is slightiy variable, the next operation is wittidrawtng 
of liquid further into line 1 86 by a precise amount under 
tiie control of controller 150 and diluter 180. so that the 
actual amount of liquid present in supply line 1 86 makes 
no difference in the measurement operation. Likewise, 

45 in the dispensing of tiie aliquots of reagent on individual 
slides, wash liquids will not be expelled from line 186, 
since no more liquid will be returned to line 186 by 
diluter 180 than was originally withdrawn. Thus, diluter 
180 and the liquid present in line 186 operate to supply 

so tiie desired negative and positive air pressure for dis- 
pensing reagent to tiie individual slides. 
[0054] As will be apparent from the operation as 
described above, a valve 188 is present as part of 
diluter 180 so that the diluter withdraws and dispenses 

55 liquid ttirough tiie appropriate line 1 84 or 1 86 for differ- 
ent operations. 

[0055] It will be apparent to one of ordinary skill that 
many of the specific elements shown in the figures and 
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desaibed above can be replaced by other elements 
that perform the same function. F=or example, the XYZ 
tracks can be replaced by a single robotic arm. Addition- 
ally, it will be understood that the specific tracks, motors, 
and other individual parts can be replaced by other 
parts of equivalent function. In a preferred embodiment 
of the invention, the XYZ tracks were purchased as 
commercially available sliding tracks. The X-axis and Z- 
axis motions are supplied by a linear motion rail ar^ lin- 
ear motion guide (Part Na SR20W from THK) and a 
stepping motor (Part No. 4023-819 for the X-axis and 
5017-009 for the Z-axis. both supplied by Applied 
Motion). The two rails of the Y-axis shaft system are a 
linear bearing rail assembly (Part No. SRA-8-XS) and 
linear bearing pillow block (Part No. SPB-8-0PN-XS). 
both supplied by Thomson; power along the Y-axis was 
supplied by the same stepping motor used for the X- 
axis. Other commercially available components used in 
the embodiment shown in Figures 1-3 include a Tho- 
mas Industries. Inc. Model No. 107CA18 compressor, a 
Cavro XL-3000 automatic dlluter and a NAC Valves, 
Inc.. Model No. 35A-AAA-0AAA-IBA air shut-off valve. 
Electrical connections, tubing, compressed air distribu- 
tion systems, liquid distribution systems from a central 
reservoir, and many other components such as holders 
for a standard pipet tip box or for reagent containers are 
commercially available from a variety of suppliers. Thus, 
the apparatus of the invention can be prepared from 
readily available commercial parts assembled in the 
manner described, with a minimum number of specific 
manufacturing techniques. Since the blow-dry head (70 
in the figures) is not readily available, it will typically be 
manufactured for a particular apparatus as shown or In 
a similar manner to provide the features that are 
desaibed in the specification above. 
[0056] The composition of the components from which 
various parts are manufactured can vary widely, but 
components through which reagents pass or which con- 
tact potentially corrosive reagent or wash solutions are 
typically prepared from stainless steel or inert plastics to 
prevent corrosion. The wash/blow head is typically 
formed from a moldable plastic (such as a polyacrylate) 
and can be prepared by a molding process, a plastic- 
shaping process, or some combination thereof depend- 
ing on the individual shape chosen by a user. Parts that 
are subject to wear, such as the stem of the wash/blow 
head 70 and hollow tip head 40 are typically prepared 
from a hard plastic or other material that will resist wear. 
[0057] The apparatus is typically operated under the 
control of a computer or other programmable control 
device. In the simplest applications where only a single 
type of automated staining will be done repeatedly, it Is 
possible to provide either a hard-wired controller or a 
non-programmable electronic controller, such as a com- 
puter operating under instructions from read-only mem- 
ory. In preferred embodiments, however, a 
programmable controller or computer is used so that the 
operation can be varied. Software will generally be pro- 



vided with the computer so that the user does not need 
to provide instructions for individual motions, but merely 
selects appropriate motions from a menu. In a typical 
operation, a user would be asked to select the location 

5 and volume of the reagents, the location of the slides 
being treated, and tiie lengtii of time of various steps 
such as incut)ation times (and if necessary the temper- 
ature); all other operations will be carried out t}y the pre- 
programmed instruction set in tiie memory of the oom- 

70 puter, which will control actual movement of the mova- 
ble arm to tiie appropriate locations and activation of tiie 
various air and liquid control systems. 
[0058] A key step in tiie method that is used in the 
automated apparatus of the invention involves blowing 

15 excess reagent or buffer off tiie surface of the slide. A 
preferred embodiment of tiie tip used in this blowing 
operation is shown in Figure 6, altiiough other tips hav- 
ing slits for exit of air to provide a wall of air can also be 
used. By adjusting ttie air pressure, height of the exit slit 

20 above the microscope slide, and rate of movement of 
tiie slit, the extent to which liquid is removed from tiie 
slide can be varied. The amount of liquid present in tiie 
ttiin film on tiie microscope slides upper surfoce is quite 
small, typically being from 2 to 25 microliters, more gen- 

25 erallyfrom3to20. and preferably from 5 to 10. Thearea 
of concern is approximately 15 cm^, providing a typical 
volume per surface area of 0.13 to 1.7 microliter/cm^. 
However, it is difficult to determine the actual volume 
being used, since the operation of blowing liquid off tiie 

30 top surface of a slide causes liquid to adhere to other 
portions of tiie microscope slide, making measurement 
of tiie remaining liquid difficult. Thus, the volume of liq- 
uid present on the slide upper surface at the end of a 
blow-dry operation is best determined empirically. The 

35 maximum permissible volume is determined by tiie 
stain being used and its concentration at tiie reagent 
application stage, since tiiese factors affect the final 
concentration of the stain or ottier reagent on the sur- 
face of this slide. Historical procedures developed for 

40 slide preparation are generally described in terms of a 
particular reagent concentration, incubation time, and 
temperature. Accordingly, it is desirable to provide a 
minimum volume of liquid on flie slide in order to avoid 
having to change tiie concentration of reagents from tiie 

45 standard used in the industry. By adhering to this guide- 
line, it is possible to use commercially available, already 
prepared stain solutions as reagents. 
[0059] On tiie other hand, too little liquid on a slide can 
cause problems in reagent spreading, particulariy 

50 because of evaporation. Since buffer is added to a slide 
prior to addition of reagent and motion of the moveable 
arm to pick up reagent application tips and reagents 
takes time, tiie buffer must remain on tiie slide until rea- 
gent is added, which further may not occur until after 

55 preparation of other slides. Since it is more efficient to 
prepare multiple slides at one time rather than to require 
repeated movements of the movable arm and repeated 
pickup motions for the various heads, a typical minimum 
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volume of buffer would be that amount which is suffi- 
cient to allow preparation of at least four slides without 
requiring removal of a given tip. 
[0060] The air pressure, height of the head above the 
slide, and rate of motion of the head for control of the liq- s 
uid film can all be selected by the user or by the manu- 
facturer of the apparatus. Generally, the same air 
pressure will be used at all time so as to remove this 
variable from consideration. Thus, only the height of the 
head and the rate of motion will typically be varied. The 
higher the height of the head above the slide, the less 
liquid is removed. The faster the head is passed across 
the slide for a given height, the less liquid is renrK}ved. 
[0061 ] For a standard 1 inch by 3 inch (2.5 X 7.5 cm) 
microscope slide surface area and a wasli/blow tip hav- 
ing the configuration shown In Figure 6. an air pressure 
of 7 psi (0.5 atm.), a height of 0.07 inch (2 mm) above 
the microscope slide surface, and a rate of motion of 3 
InchAsec (7.5 cm^ec) provide a prefen-ed buffer film 
suitable for the staining of 4 slides at 25^*0 and a relative 
humidity of 60-80%, which is the typical humidity 
present inside a closed and operating apparatus of the 
invention. 

[0062] The wash solutions used in the apparatus of 
the invention can vary significantly depending on the 
staining technique being used. A typical wash solution 
is an aqueous solution of a surfactant and can contain 
other components present In typical slide preparation of 
wash solutions, such as buffers. In preferred enrtbodi- 
ments. sufficient surfactant is present to provide a sur- 
face tension in a solution equivalent to that present in 
solutions containing water in the following surfactants at 
the concentrations listed. Typical surfactants used (with 
concentrations shown in parenthesis) are TWEEN 20 
(0.02 to 2% v/v). BRIT 35 (0.05 to 2% v/v). and TRITON 
X-100 (0.01 to 1% v/v). Typical buffers used (with pH 
shown in parenthesis) are phosphate buffered saline 
(7.6) and TRIS-CL (7.6). For conciseness of language, 
the specification and claims often referred to water as 
the wash fluid or the fluid being removed at a particular 
step. It will be apparent that this 'Vvater'* can and gener- 
ally is an aqueous solution of buffer and surfactant or of 
some staining reagent 

[0063] It will be apparent that the apparatus and 
method of the invention can be used in any staining 
technique that can be carried out manually and that 
there are no limitations placed on tiie invention by the 
staining technique. 

[0064] The apparatus of the invention can contain a 
number of further components designed for ease of 
operation. For example, drain trays with exit lines to 
waste reservoirs can be located either individually 
under components of the apparatus or a single drain 
tray and collection system can be provided for the entire 
interior space of the apparatus frame. In a typical appa- 
ratus, the frame is a form of a cabinet with an interior 
space in which all operations take place. A closable 
access port (e.g., door) is provided to allow an operator 



to add the various removable components to tiie interior 
cabinet space. A transparent door can be provided to 
prevent accidental spraying of liquid (as during a drying 
operation) into the room in which tine apparatus Is 
located while allowing the operator of ttie apparatus to 
visually verify correct operation. Other optional features 
that can be included on the apparatus include devices 
intended to ensure level operation, to protect against 
electric shocK to verify that an appropriate tip has been 
selected and properly placed on the tip head, or to opti- 
cally scan slides in a microscope slide tray or other con- 
tainer for microscope slides so tiiat a human operator 
does not even need to enter information into the compu- 
ter. Such information could be provided, for example, by 
a standard bar code attached to an individual micro- 
scope slide reagent container or ottier component. Mul- 
tiple reagent containers can be provided so that 
different staining operations can be carried out under 
control of tiie bar code and the conputer and its pre- 
program software. 

Claims 

1. An automated staining apparatus (10), comprising: 

a supporting framework (20); 
an arm (30) moveable in three dimensions 
attached to said framework (20); 
means for moving said arm; 
a hollow tip head (40) located on said arm; 
means for alternatively supplying positive or 
negative gas pressure to said hollow tip head; 
a removable wash/blow tip (70) having an exit 
slit substantially equal in length to tiie width of 
a microscope slide (130), said wash/blow tip 
(70) being adapted to be removably attached to 
said hollow tip head (40) by a preselected 
movement of said arm; 

a wash/blow tip holder (80) at a f arst fixed loca- 
tion on said framework; 
a reagent application tip holder (100) at a sec- 
ond fixed location on said framework for hold- 
ing a reagent application tip (90), said reagent 
application tip being adapted to be removably 
attached to said hollow tip head by a prese- 
lected movement of said arm (30); 
a reagent container hokier (120) at a third fixed 
location on said framework (20); 
a microscope slide holder (140) at a fourth 
fixed location on sak:l framework (20), said 
microscope slide hokier being adapted to 
renx}vably contain said microscope slide (130); 
and 

control means for controlling movement of said 
arm between said locations, whereby saki tip 
head (40) picks up said wash/blow tip or said 
reagent application tip (90) in response to 
movement of saki arm 30 under control of said 
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control means and moves to one or more of 
said locations to pick up a reagent in said rea- 
gent container or dispense said reagent on 
said slide or to dispense a gas or a liquid 
through said wash/blow tip over sakJ slide. 5 

2. The apparatus of daim 1, wherein said supporting 
framework (20) comprises a cabinet having an inte- 
rior space and all of said locations are In said inte- 
rior space. 10 

3. The apparatus of claim 1 . wherein said cabinet has 
a doseable access port. 

4. The apparatus of daim 1, wherein said arm (30) is 
moves along independent X. Y and Z tracks tor 
independent movement of said tip head (40) in 
three orthogonal directions. 

5. The apparatus of daim 1, wherein said arm (30) 20 
remains in a fixed location in the absence of power 
being supplied to said means for moving said arm. 

6. The apparatus of daim 1, wherein said X and Y 
tracks are oriented In the horizontal plane of said 2s 
apparatus when said apparatus is in tts normal 
operating orientation. 

7. The apparatus of claim 1, wherein said apparatus 
further comprises a liquid reservoir in selectable 30 
fluid communication with said hollow tip head (40). 

8. The apparatus of claim 1, wherein said means for 
supplying gas pressure comprises a pressurized 
gas reservoir or compressor (1 70). 35 

9. The apparatus of claim 1, wherein said means for 
supplying gas pressure is capable of withdrawing or 
dispensing a fixed amount of gas through said tip 
head (40), said fixed amount being selectable by 40 
said control means, thereby providing measured 
withdrawing or dispensing of a liquid into or from a 
reagent application tip attached to said hollow tip 
head. 

45 

10. The apparatus of claim 9, wherein said means for 
supplying gas pressure comprises a moveable pis- 
ton that controls liquid in a liquid supply line 
between a liquid reservoir and said hdlow tip head 

(40). 50 

11. The apparatus of claim 10, wherein said means for 
supplying gas pressure comprises a pressurized 
gas resen/oir or compressor, said moveable piston, 
and means for alternatively selecting said reservoir ss 
or said piston for dispensing or withdrawing of gas 
through said tip head (40). 
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12. The apparatus of daim 1, wherein said wash/blow 
tip (70) attaches to said hollow tip head (40) via a 
press fitting. 

13. The apparatus of daim 12, wherein said wash/blow 
tip holder (80) is adapted to release said washAjlow 
tip (70) from said holder when said tip head (40) is 
pressed by said arm (30) onto said wash/blow tip 
(70) and said tip head (40) is withdrawn from said 
holder in a first direction relative to said holder. 

14. The apparatus of daim 12, wherein said wash/blow 
tip holder (80) Is adapted to remove said wash/blow 
tip 70 from said tip head (40) when said wash/blow 
tip on said tip head is inserted into said washAslow 
tip holder (80) and said tip head is witiidrawn from 
said holder in a second direction relative to said 
holder. 

15. The apparatus of claim 1. wherein said reagent 
application tip holder (100) is adapted to retain a 
container of disposable tips (90). whereby said tips 
are retained by said container as an array of tips at 
a fixed orientation for access by said tip head. 

1 6. The apparatus of claim 1 , further comprising one or 
more additional hokJers for reagent containers at 
fixed locations on said framework. 

17. The apparatus of daim 1, wherein said apparatus 
furtiier comprises a heater (200) for microscope 
slides at said fourtii location. 

18. The apparatus of daim 1, wherein said apparatus 
furtiier comprises a removable microscope tray 
(190) adapted to retain multiple microscope slides 
in a fixed an'ay at said fourth location. 

19. The apparatus of claim 18, wherein said tray (190) 
comprises individual wells for microscope slides 
and said wells are partially open on their bottom 
surfaces. 

20. The apparatus of daim 19, further comprising a 
microscope slide heating surface, wherein when 
said tray (190) with any microscope slides con- 
tained in said tray is inserted into said microscope 
slide holder (140). said microscope slides contact 
said heating surface through the partially open bot- 
tom surfece of said wells. 

21. The apparatus of claim 20, wherein individual seg- 
ments of said heating surface are controlled by sakJ 
control means, thereby providing different tenpera- 
tures for said segments. 

22. The apparatus of daim 1, wherein said control 
means comprises a programmable computer. 
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23. The apparatus of daim 1. wherein said control 
means causes a gas to be blown through said 
wash/blow tip as said wash/blow tip is nraved hori- 
zontally over said miaoscope slide. 

5 

24. The apparatus of daim 1. wherein said control 
means causes a reagent tip (90) on said tip head 
(40) to withdraw and hold for transfer a fixed volume 
of said reagent from said container, then causes 
said tip head (40) to move to a location above a io 
microscope slide (130) in said microscope slide 
holder (140). and tiien causes said reagent tip (90) 

to dispense a ilxBdi volume of said reagent on said 
microscope slide (130). 

IS 

25. A method tor applying a water-soluble tissue rea- 
gent to a microscope slide having a tissue speci- 
men mounted thereon, which method comprises: 

applying a film of water to a horizontal upper 20 
surface of said slide; and 
applying said reagent to said film of water in a 
pattern insuffident to fully cover said slide sur- 
fece when said slide is dry, whereby said rea- 
gent diffuses through said film to reach 2S 
substantially all of said surface. 

26. The method of claim 25, wherein said film has a vol- 
ume of from 0. 1 3 to 1 .7 microliters per square cen- 
timeter of surface so 

27. The metiiod of claim 25, wherein said water con- 
tains dissolved or suspended non^ater oonpo- 
nents. 

35 

28. The method of claim 27, wherein said water con- 
tains a surfactant. 

29. The method of claim 28. wherein said water furtiier 
contains a buffer. 40 

30. A metiiod for staining a tissue on a microscope 
slide, which comprises: 

applying excess water to a microscope slide 4S 
oriented to have a horizontal surface bearing 
said tissue; 

removing water from said slide by blowing a 
gas across said horizontal surface tiirough a 
slit while said slit is moved horizontally across so 
said surface in proximity to said surface, 
thereby leaving a film of water on said surface; 
applying a reagent to said surface in a stream 
or intermittentiy in a pattern adapted to allow 
said reagent to diffuse throughout said film of 55 
water, said pattern being insuffident to fully 
cover said surface when said surface is dry; 
and 



allowing said reagent to stain said tissue on 
said surface. 

31. A wash/blow tip for an automated staining appara- 
tus, which comprises: 

a hollow body member formed of at least two 
detachable parts having an internal cavity 
which is accessible when said parts are 
detached; 

a linear exit slit providing fluid communication 
between said internal cavity and tiie extemal 
environment sunx)unding said tip. said linear 
exit slit being adapted to be substantially iden- 
tical in length to the widtii of a microscope 
slide; 

means for removably attaching said hollow 
body member to a tip head in said apparatus 
and providing access to said internal cavity for 
gas or liquid supplied through said tip head. 

32. The tip of daim 31 . wherein said means for remov- 
ably attaching comprises a hollow tube communi- 
cating witii said internal cavity and adapted to be 
connected by a press fit to said tip head. 

Patenianspruche 

1 . Automatischer Einfaibungsapparat (10) mit: 

einem Hatterahmen (20); 

einem Arm (30). der in drei Dimensionalen 
bewegbar am Rahmen (20) befestigt ist; 

Mittein zum Bewegen des Arms; 

einem am Arm angeordneten Hohlspitzenkopf 
(40); 

Mittein zum abwechselnden ZufOhren von 
positivem oder negativem Gasdruckzum Hohl- 
spitzenkopf; 

einer auswechselbaren Wasch/Blas-Spitze 
(70) mit einem Ausgangsschlitz im wesentli- 
Chen mit einer Lange gleich der Breite des 
Mikroskopobjekttrdgers (130). wobei die 
Wasch/Blas-Spitze (70) so ausgebildet ist. daB 
sie mittels einer vorgewahlten Bewegung des 
Arms an dem Hdhlspitzenkopf (40) lOsbar befe- 
stlgbar ist; 

einem Wasch/Blas-Spitzenhalter (80) an einem 
ersten feststehenden Ort am Rahmen; 

einem Reagenz-Aufbringspitzenhatter (100) an 
einem zweiten feststehenden Ort am Rahmen 
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zum Halten einer Reagenzaufbringspitze (90); 
wobei die Reagenzaufbringspitze (90) so aus- 
gebildet ist, da6 sie an denfi Hohlspitzenkopf 
durch eine vorgewdhlte Bewegung des Arms 
(30) lOsbar befestigbar ist; 5 

einem Reagenzbehdlterhalter (120) an einem 
dritten feststehenden On am Rahman (20); 

einem Mikroskopobjekttrdgerhalter (140) an 10 
einem vierten feststehenden Ort am Rahmen 
(20), wobei der Mikroskop-Objekttrdgerhalter 
so ausgebildet ist. daB er den Mikroskop- 
Objekttrdger (130) auswechselbar enthalten 
kann; und is 

einer Steuerung zum Steuern der Bewegung 
des Arms zwischen den Orten, so daB der Spit- 
zenkopf (40) die Wasch/Blas-Spitze Oder die 
Reagenzaufbringspitze (90) in Antwort auf die 20 
Bewegung des Arms (30). gesteuert durch die 
Steuerung, aufnimmt und an einen oder meh- 
rere Orte bewegt. urn ein Reagenz in den Rea- 
genzbehdiler aufzunehmen oder das Reagenz 
auf den Objekttrdger auszugeben oder ein Gas 2S 
Oder eine FIQssigkeit durch die Wasch/Blas- 
Spitze uber dem Objekttrdger auszugeben. 



2. Apparat nach Anspruch 1 , wobei der Haiterahmen 
(20) eine Kabine mit einem Innenraum aufweist, 30 
und alle besagten Orte In dem Innenraum angeord- 

net sind. 

3. Apparat nach Anspruch 1 , wobei die Kabine eine 
schlleBbare ZugangsOffnung hat. 35 

4. Vorrichtung nach Anspruch 1, wobei der Arm (30) 
entiang unabhdngiger Y- und Z-Schienen fOr 
eine unabhangige Bewegung des Spitzenkopfes 
(40) in drei rechtwinklig aufelnander stehenden 40 
Richtungen l&ift. 

5. Apparat nach Anspruch 1, wobei der Arm (30) bei 
Abwesenhelt von Zufuhr von Leistung zu der Ein- 
richtung zum Bewegen des Arms an einem festste- 45 
henden Ort bletbt. 

6. Apparat nach Anspruch 1. wobei die X- und Y- 
Schienen in der Horizontalebene des Apparates 
ausgerichtet sind, wenn der Apparat in seiner nor- so 
malen Betriebsausrichtung ist 

^ 7. Apparat nach Anspruch 1 , wobei der Apparat wei- 
terhin einen ROssigkeitsvonratsbehatter in wahlba- 
rer Ruidkommunikation mit den Hohlspitzenkopf ss 
(40) aufweist. 

8. Apparat nach Anspruch 1, wobei die Einrichtung 



zum Zufflhren von Gasdruck einen Druckgas-Vor- 
ratsbehaiter oder einen Kbmpressor (170) aufweist. 

9. Apparat nach Anspruch 1, wobei die Einrichtung 
zum ZufOhren von Druckgas eine feststehende 
Menge Gas durch den Spttzenkopf (40) Ziehen 
Oder freigeben kann, wobei die feststehende 
Menge durch die Steuerung wfihlbar ist, wodurch 
eine bemessene Menge Russigkeit von einer Rea- 
genz-Aufbringspitze, die am Hohlspitzenkopf befe- 
stigt ^, abgezogen oder freigegeben wird. 

ia Apparat nach Anspruch 9. wobei die Einrichtung 
zum ZufQhren von Druckgas einen bewegt>aren 
Kbiben hat, der die Russigkeit in einer RQsslgkeits- 
versorgungsleitung zwischen dem RQssigkeitsvor- 
ratstank und dem Hohlspitzenkopf (40) steuert. 

11. Apparat nach Anspruch 10. wobei die Einrichtung 
zum ZufQhren von Druckgas einen Druckgas-Vor- 
ratstank oder Kompressor aufweist, wobei beweg- 
bare Kolben und die Einrichtung zum 
abwechselnden Wdhlen des Vorratstanks oder des 
Kbibens dazu dienen, Gas durch den Spitzenkopf 
(40) freizugeben oder herauszuziehen. 

12. Apparat nach Anspruch 1, wobei die Wasch/Blas- 
Spitze (70) an dem Hohlspitzenkopf (40) uber eine 
PreBpassung befestigt ist. 

13. Apparat nach Anspruch 12, wobei der Wasch/Blas- 
Spitzenhalter (80) so ausgebildet Ist, daB er die 
Wasch/Blas-Spitze (70) am Halter freigibt, wenn 
der Spitzenkopf (40) vom Arm (30) auf die 
Wasch/Blas-Spitze (70) gedrOckt wird, und der 
Spitzenkopf (40) vom Halter in einer ersten Rich- 
tung relativ zum Halter abgezogen wird. 

14w Apparat nach Anspruch 12, wobei der Wasch/Blas- 
Spilzenhatter (80) so ausgebildet ist, daB die 
Wasch/Blas-Spitze (70) vom Spitzentopf (40) ent- 
fernt weiden kann. wenn die Wasch/Blas-Spitze 
(70) an den Spitzenkopf in den Wasch/Blas-Spit- 
zenhalter (80) eingesetzt ist und der Spitzenkopf 
vom Halter in einer zweiten Richtung relativ zum 
Halter abgezogen werden kann. 

15. Apparat nach Anspruch 1, wobei der Reagenz-Auf- 
bringspitzenhalter (100) so ausgebildet ist, daB er 
einen Beh&lterverfugbarer Spitzen (90) zuruckhdlt, 
wodurch die Spitzen durch den Behaiter als ein 
Fetd von Spitzen in einer festliegenden Ausrichtung 
for den Zugriff durch den Spitzenkopf zurQckgehal- 
ten werden. 

1 6. Apparat nach Anspruch 1 , weiterhin mrt einem oder 
mehreren zusdtzlichen Haltern for Reagenzbehdl- 
ter an feststehenden Orten am Rahmen. 
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17. Apparat nach Anspruch 1, wobei der Apparat wei- 
terhin eine Heizeinrichtung (200) fOr Mikroskopob- 
jekttrdger an dem vierten Ort aufweist 

18. Apparat nach Anspruch 1 . wobei der Apparat wei- s 
terhin einen auswechselbaren Mikroskoptrog (190) 
hat. der so ausgebiidet ist, daB er eine Vielzahl von 
Mikroskop-Objekttrdgem in einem ersten FeU des 
vierten Ortes halten kann. 

TO 

19. Apparat nach Anspruch 18, wobei der Trog (190) 
individuelle Wannen fur MikroskopObjekttrager hat 
und die Wannen teitweise an ihrer Unterseite often 
sind. 

15 

20. Apparat nadi Anspruch 19, weitertiin mit einer 
Mikroskop-Objekttrdger-Heizflache. wobei, wenn 
der Trog (190) mit irgendwelchen Mikroskop- 
Objekttragern in dem Trog In den Mikroskop- 
Objekttrdgerhatter (1 40) eingesetzt wind, die Mikro- so 
skop-Objekttrdger die Helzf lache Qber die teilweise 
offene Bodenfiache der Wannen kontaktiert 

21. Apparat nach Anspruch 20, wobei einzelne Seg- 
mente der Heizfiache durch die Steuerung gesteu- 2S 
ert werden, wobei fur die Segmente 
unterschiedliche Temperaturen geschaffen werden. 



trdger-Oberfiache vollstandig zu bedecken, 
wenn der Objekttrdger trocken ist, wodurch das 
Reagenz durch den Film diffundiert. um im 
wesentlichen die gesamte Oberfiache zu errel- 
chen. 

26. Verfahren nach Anspruch 25, wobei der Film ein 
Volumen von 0,13 bis 1,7 Mikroliter pro Quadrat- 
zentimeter Oberfiache hat. 

27. Verfahren nach Anspruch 25, wobei das Wasser 
nichtwassrige Kbmponenten gelOst Oder suspen- 
diertenthait. 

28. Verfahren nach Anspruch 27, wobei das Wasser 
einen grenzf iflchenaktiven Stoff enthan 

29. Verfahren nach Anspruch 28, wobei das Wasser 
weiterhin einen Puffer enthait. 

30. Verfahren zum Einfarben eines Gewebes auf einem 
MikroskopObjekttrager, mit: 

Aufbringen von QberschOssigem Wasser auf 
einen Mikroskop-Objekttrager, der so ausge- 
richtet Ist. daB er eine horizontale Oberfiache 
hat. auf der das Gewebe liegt; 



22. Apparat nach Anspruch 1, wobei die Steuerung 
einen programmierbaren Computer aufweist. so 

23. Apparat nach Anspruch 1, wobei die Steuerung 
bewirkt, daB Gas durch die Wasch/Blas-Spitze 
geblasen wird. wenn die Wasch/Blas-Spltze hori- 
zontal Qber den Mikroskop-Objekttrager bewegt ss 
wird. 

24. Apparat nach Anspruch 1, wobei die Steuerung 
bewirkt. daB eine Reagenzspitze (90) an dem Spit- 
zenkopf (40) eIn feststehendes Volumen des Rea- 4o 
genz aus dem Behaiter zieht und fOr den Transport 
halt, dann bewirkt. daB der Spitzenkopf (40) zu 
einem Ort oberhalb eines Mikroskop-Objekttragers 
(130) in dem Mikroskop-Objekttragerhalter (140) 
lauft. und dann bewirkt, daB die Reagenzspitze (90) 4S 
eIn feststehendes Volumen des Reagenz auf den 
Mikroskop-Objekttrdger (130) freigibt. 

25. Verfahren zum Aufbringen eines wasserlOslichen 
Gewebereagenz auf einen Mikroskop-Objekttrager. so 
auf welchem Gewebeproben aufgebracht sind. 
wobei das Verfahren aufweist: 



Entfernen des Wassers von dem Objekttrager 
durch Blasen eines Gases afc>er die horizontale 
Fiache durch einen Schlitz. wahrend der 
Schlltz horizontal Qber die Rache in der Nahe 
der Fiache bewegt wird. wobei auf der Rache 
ein Wasserf ilm verbleibt; 

Aufbringen eines Reagenz auf die Oberfiache 
in einem Strom Oder intermittierend in einem 
Muster, das so ausgebiidet ist. daB es ein Dif- 
fundieren des Reagenz durch den Wasserfilm 
eriaubt, wobei das Muster nicht ausreicht, die 
Oberfiache vollstandig zu bedecken, wenn die 
Oberfiache trocken ist; und 

Zulassen, daB das Reagenz das Gewebe auf 
der Oberfiache farbt. 

31. Wasch/BIas-Spitze fur einen automatischen Einfar- 
bungsapparat. mit: 

einem IHohlkOrperelement, das aus wenigstens 
zwel iOsbaren Teilen besteht. die einen Innen- 
hohlraum haben, der zugangllch ist, wenn die 
Telle gelost sind; 

einem linearen Ausgangsschlitz. der eine 
Ruidkommunikation zwischen dem Innenhohl- 
raum und der AuBenumgebung, welche die 
Spitze umgibt, schafft. wobei der lineare Aus- 



Aufbringen eines Wasserf ilms auf eine horizon- 
tale obere Rache des Objekttragers; und 55 

Aufbringen des Reagenz auf den Wasserfilm in 
einem Muster, das nicht ausreicht, die Objekt- 
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gangsschlitz so ausgebildet ist. da8 er im 
wesentlichen eine Ldnge hat. die identisch mit 
der Breite eines Mikroskpp-Objekttrdgers ist; 

einer Einrichtung zum entfemt)aren Befestigen s 
des HohlkOrperelementes an einem Spitzen- 
kopf in dem Apparat und Vorsehen eines 
Zugangs zum Innenhohlraum fOr Gas Oder 
FIQssigkeit, die durch den Spitzenkopf zuge- 
fuhrt werden. 10 



mander un mouvement dudit bras entre lesdits 
emplacements, grdce k quoi ladite tete k 
embout (40) prend ledit embout de 
lavage/soufflage ou ledit embout (90) d'appli- 
cation de r^actif en r6ponse k un mouvement 
dudit bras (30) sous la commande desdrts 
moyens de commande et passe par un ou plu- 
sieurs desdits emplacements pour prendre un 
r6actif dans ledit recipient k r^actif ou distribuer 
ledit r6actif sur ladite tame porte-objet ou distri- 
buer un gaz ou un liquide k travers ledit eni}out 
de lavage/soufflage au-dessus de ladite lame 
porte-objet 



32. Spitze nach Anspruch 31, wobei die Einrichtung 
zum lOsbaren Befestigen eine hohle ROhre auf- 
weist die mit dem Innenhohlraum in Verbindung 
steht. und so ausgebildet ist, daB sie durch eine 
Presspassung mit dem Spitzenkopf vertxjnden 
werden kann. 

Revendications 

1 . Appareil automatis6 (1 0) de coloration comportant : 

un bdti (20) de support ; 

un bras (30) mobile dans trois dimensions et 

relid audit bdti (20) ; 

des moyens destines k d^lacer ledit bras ; 
une tgte (40) k embout creux plac^e sur ledit 
bras ; 

des moyens destine k appliquer alternative- 
ment une pression gazeuse positive ou nega- 
tive k ladite tdte k embout creux ; 
un embout amovible (70) de lavage/soufflage 
ayarrt une fente de sortie de longueur sensible- 
ment ^gale k la largeur d'une lame porte-objet 
(130) de microscope, (edit embout (70) de 
lavage/soufflage ^ant congu pour dtre relid de 
fagon amovible k ladite t§te (40) k embout 
creux par un mouvement pr6alablement choisi 
dudit bras ; 

un support (80) d'embout de lavage/soufflage 
dans un premier emplacement fixe sur ledit bdti 
• 

un support (100) d'embout d*application de 
rdactif en un second emplacement fixe sur ledit 
bdti pour porter un embout (90) d'application 
de r^actif, ledit embout d'application de r^actif 
dtant congu pour gtre reli^ de fagon amovible k 
ladite t§te k embout creux par un mouvement 
pr^alablement choisi dudit bras (30) ; 
un support (120) de recipient k rtectif en un 
troisi^me emplacement fixe sur ledit bdti (20) ; 
un support (140) de lame porte-objet de 
microscope en un quatridme emplacement fixe 
sur ledit bdti (20), (edit support de lame porte- 
objet de microscope 6tant congu pour contenir 
de fagon amovible ladite lame porte-objet (130) 
du microscope : et 

des moyens de commande destines d conv 



IS 2. Appareil selon la revendication 1, dans lequel ledit 
bdti de support (20) comporte un coffret ayant un 
espace int^rieur et tous lesdits emplacements sont 
situ^s dans ledit espace intdrieur. 

20 3. Appareil selon la revendication 1, dans lequel ledit 
coffret prdsente une ouverture d'accds pouvant 
dtre fermde. 

4. Appareil selon la revendication 1. dans lequel ledit 
25 bras (30) se ddplace le long de chemins X, Y et Z 
ind^endants pour un nfK)uvement inddpendant de 
ladite tdte (40) d embout dans trois directions ortho- 
gonales. 

30 5. Appareil selon la revendication 1 , dans lequel ledit 
bras (30) rests dans un emplacement fixe en 
rabsence d'application d'dnergie auxdits moyens 
destinds d ddplacer ledit bras. 

35 6. Apparal selon la revendication 1. dans lequel les- 
dits chemins X et Y sont orientds dans le plan hori- 
zontal dudit appareil lorsque ledit appareil est dans 
son orientation normale de fbnctionnement. 

40 7. Appareil selon la revendication 1 , dans lequel ledit 
appareil comporte en outre un rdservoir de liquide 
en communication de f luide, pouvant dtre choisie, 
avec ladite tdte (40) d embout 

45 8. Appareil selon la revendication 1, dans lequel les- 
dits moyens destines d appliquer une pression 
gazeuse comprennent un rdservoir ou compres- 
seur (170) de gaz comprimd. 

50 9. Appareil selon la revendication 1 , caractdrisd en ce 
que lesdits moyens destinds d fournir un gaz sous 
pression sont capables de prdlever ou de distrit>uer 
une quantitd fixe de gaz d travers ladite tdte (40) d 
embout. ladite quantitd fixe pouvant dtre choisie par 
55 lesdits moyens de commande, rdalisant ainsi un 
pr^ldvement ou une distribution mesurd d'un liquide 
dans ou d partir d'un embout d'application de rdactif 
relid d ladite tdte d embout creux. 
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10. Appareil selon la revendication 9, dans lequel les- 
dits moyens destine k appliquer une pression 
gazeuse comprennent un piston mobile qui com- 
mande un liquide dans une conduite d'alimentation 

en liquide entre un reservoir de liquide et ladite tdte 5 
(40) k embout creux. 

11. Appareil selon la revendication 10, dans lequel les- 
dits moyens destines d appliquer une pression 
gazeuse comprennent un r^ervoir ou compres- 10 
seur de gaz comprim^, (edit piston mobile, et des 
moyens destines k s^lectionner atternativement 
ledit r^ervoir ou ledit piston pour distribuer ou pr6- 
lever du gaz d travers ladite t6te (40) k embout. 

IS 

12. Appareil selon la revendication 1, dans lequel ledit 
embout (70) de lavage/soufflage est relid k ladite 
t§te (40) k embout creux au moyen d*un ajustement 
sen-^. 

20 

13. Appareil selon la revendication 12, dans lequel ledit 
support (80) de Tembout de lavage/soufflage est 
congu pour iib^rer ledit embout (70) de lavage/souf- 
flage dudit support lorsque ladite tdte (40) k embout 

est pouss^e par ledit bras (30) sur ledit embout (70) 2s 
de lavage/soufflage et que ladite tdte (40) k embout 
est retiree dudit support dans une premiere direc- 
tion par rapport audit support 

14. Appareil selon la revendication 12, dans lequel ledit so 
support (80) d'embout de lavage/soufflage est 
congu pour enlever ledit embout (70) de 
lavage/soufTlage de ladite t§te (40) k embout lors- 
que ledit embout de lavage/soufflage situ6 sur 
ladite tSte k embout est introdurt dans ledit support 3s 
(80) d'embout de lavage/soufflage et que ladite t§te 

k embout est retiree dudit support dans une 
seoonde direction par rapport audit support. 

15. Appareil selon la revendication 1, dans lequel ledit 40 
support (10) de I'embout d'application de r^actif est 
congu pour retenir un r^ipient d*embouts jetabtes 
(90), grdce k quoi lesdits embouts sont retenus par 
ledit recipient sous la forme d*une rang6e 
d'embouts dans une orientation fixe pour que ladite 4s 
t§te k embout puisse y aoc6der. 

16. Appareil selon la revendication 1, comportant en 
outre un ou plusieurs supports suppl^mentaires 
pour des r^pients k rtoctifs dans des emplace- so 
ments fixes sur ledit bdti. 

17. Appareil selon la revendication 1. dans lequel ledit 
appareil comporte en outre un 616ment chauffant 
(200) pour des lames porte-objet de microscope ss 
dans ledit quatri^me emplacement. 

18. Appareil selon la revendication 1, dans lequel ledit 



appareil comporte en outre un plateau amovible 
(190) pour microscope congu pour retenir des 
lames porte-objet multiples pour microscope en 
une rang^e fixe dans ledit quatri^me emplacement. 

19. Appareil selon la revendication 18, dans lequel ledit 
plateau (190) comporte des alvtels individuels 
pour lames porte-objet de microscope et lesdits 
alveoles sont partiellement ouverts k leurs surfaces 
inf^rieures. 

20. Appareil selon la revendication 19, comportant en 
outre une surface de chauffage de lames porte- 
objet de microscope, dans lequel. lorsque ledit pla- 
teau (190) contenant des lames porte-objet de 
microscope est introduit dans ledit support (140) 
pour lames porte-objet de miaoaoscope, lesdites 
lames porte-objet de microscope entrent en contact 
avec ladite surface chauffante k travers la surface 
Inf^rieure partiellement ouverte desdits alvtoles. 

21. Appareil selon la revendication 20, dans lequel des 
segments individuels de ladite surface chauffante 
sont commandos par lesdits moyens de com- 
mande. dtabf issant air^i des temperatures diff^ren- 
tes pour lesdits segments. 

22. Appareil selon la revendication 1, dans lequel les- 
dits moyens de commande comprennent un ordina- 
teur programmable. 

23. Appareil selon la revendication 1, dans lequel les- 
dits moyens de commande provoquent le soufflage 
tfun gaz k travers ledit embout de lavage/soufflage 
pendant que ledit embout de lavage/soufflage est 
d6plac6 horizontalement au-dessus de ladite lame 
porte-objet de microscope. 

24. Appareil selon la revendication 1. dans lequel les- 
dits moyens de commande eminent un embout k 
r^actif (90) sur ladite tete (40) k embout k pr^lever 
et maintenir. pour un transfert. un volume fixe dudit 
r^actif k partir dudit recipient, puis am^nent ladite 
tdte (40) k embout k se d^lacer jusqu'^ un empla- 
cement situ6 au-dessus d*une lame porte-objet 
(130) pour microscope dans ledit support (140) de 
lame porte-objet de microscope, puis am^nent ledit 
embout (90) k r6actif k distribuer un volume fixe 
dudit r^ctif sur ladite lame porte-objet (130) de 
microscope. 

25. Proc6d6 pour appliquer un r^actif hydrosoluble 
pour tissus k une lame porte-objet de microscope 
sur laquelle un 6chantillon de tissu est montd, 
lequel proc6d6 comprend : 

Tapplication d'un film d'eau sur une surface 
supdrieure horizontale de ladite lame porte- 
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objet ; et 

I'application dudit r^ctif sur (edit film d'eau en 
une configuration insuffisante pour recouvrir 
compldtement ladlte surface de la lame porte- 
objet lorsque ladlte lame porte-objet est s^e. s 
grdce k quol ledit r^ctif se diffuse k travers 
ledit film pour atteindre senslblement la totality 
de ladlte surface. 

26. Proc6d6 selon la revendication 25. dans lequel ledit io 
film pr6sente un volume allant de 0,13 k 1,7 micro- 
litres par centimetre carr6 de surface. 

27. Proc6d6 selon la revendication 25, dans lequel 
ladlte eau content, en dissolution ou en suspen- is 
slon. des constituents non aqueux. 

28. Proc§d6 selon la revendication 27, dans lequel 
ladlte eau contient un surfactant. 

20 

29. Proc6de selon la revendication 28, dans lequel 
ladlte eau contient en outre une sut}stance tampon. 

30. Proc^6 pour colorer un tissu sur une lame porte- 
objet de microscope, qui comprend : 25 

I'application d'un exc^ d'eau k une lame 
porte-objet de microscope orient^e de fagon k 
avoir une surface horizontale portent ledit tissu 
; 30 
k enlever de Teau de ladlte lame porte-objet en 
soufflant un gaz sur ladlte surface horizontale k 
travers une fente pendant que ladlte fente est 
d6plac6e horizontalement au-dessus de ladlte 
surface k proximity de ladite surface, laissant 3s 
ainsi un film d'eau sur ladite surface ; 
I'application d'un r^actif sur ladite surface en un 
courant ou par intermittence suivant une confi- 
guration conQue pour permettre audit r^actif de 
se diffuser k travers ledit film d'eau, ladite con- 40 
figuration 6tant insuffisante pour recouvrir com- 
pt^ement l^ite surface lorsque ladite surface 
est s^che ; et 

la possibility pour ledit r^actif de colorer ledit 
tissu sur ladite surface. 4S 

31. Embout de lavage/soufflage pour un appareil auto- 
matism de coloration, qui oomporte : 

un 616ment de corps aeux fbmri6 dau rnoins so 
deux parties s6parables ayant une cavity Int6- 
rieure qui est accessible lorsque lesdites par- 
ties sont s^par^es ; 

une fente Iin6aire de sortie 6tabllssant une 
communication de flulde entre ladlte cavHd ss 
int^ieure et I'environnement ext^rieur entou- 
rant ledit embout. ladlte fente lin^lre de sortie 
6tant congue pour dtre d*une longueur sensi- 



blement identique k la largeur d*une lame 
porte-objet de microscope ; 
des mqyens destines k relier de fagon amovble 
ledit 6l6ment de corps aeux k une tdte k 
embout dans ledit appareil et k 6tablir un acc^ 
k lad'rte cavity int^rieure pour un gaz ou un 
liquide fourni k travers ladite tSte k embout. 
32. Embout selon la revendication 31, dans 
lequel lesdits moyensde liaison amovik)le com- 
prennent un tube creux comnuniquant avec 
ladite cavity int^ieure et congus pour §tre rac- 
cord^ par ajustement serrk k ladite tdte ^ 
embout. 
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FIG. 6B 




FIG. 6C 



23 



EP0 722 363B1 




EP0 722 363 B1 




25 



EP0 722 363B1 



e 

O 
o 


J4 










H 


1 






o 

° C 



202 202 204 204 200 



FIG. 9A 




FIG. 9B 



26 



EP0722 363B1 



207 

i 



200 







[ 



















































































FIG. 10 



206 

-4 



27 



EP0 722 363B1 




28 



EP0722 363B1 




